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Abstract The effects of stimulating dorsal raphe nucleus (DR) on activity of cerebellar 
interposed nucleus (IN) was investigated. Stimulation of DR elicited inhibitory, excitatory 
and biphasic (inhibition—excitation and excitation—inhibition) responses from IN cells, The 
majority of responsive cells showed an inhibitory response (76.0%) with a latency of less than 
30 ms. The spontaneous discharge frequencies of the IN cells were 5 to 120 Hz, and the IN 
cells with higher discharge frequencies showed low responsive rates to the DR stimulation in 
comparison with those lower firing frequency cells. Injection of 5-HT 2 / 1C receptor antago- 
nist methysergide (iv) could block the depressive effect of DR stimulation on the IN cells 
(85.7%). These resulis suggest that raphe—cerebellar serotonergic afferent fibers may be in- 
volved in the cerebellar sensorimotor integration process by exerting their modulatory action 
on the deep cerebellar nuclear cells’ activities. 


Key words Dorsal raphe nucleus, Cerebellar interposed nucleus, Raphe-cerebellar projection. 


Serotonergic fibers 


Many histological studies have demonstrated that a large number of serotonin—con- 
taining fibers were present throughout the cerebellar cortex and deep cerebellar nenlei 
(Hokfelt er al, 1969; Takeuchi eż? al. 1982). Recent studies showed that these 
serotonergic fibers primarily originated from dorsal raphe nucleus (DR) and giganto~ 
cellular reticular nucleus of the brain stem (Bishop er al., 1993), Since their widespread ex- 
istence in the cerebellar cortex and deep cerebellar nuclei, and their different 
morphological and neurochemical characteristics than either classical mossy fibers or 
climbing fibers, these serotonergic fibers comprise another type of cerebellar afferents. 
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serotonergic fiber afferent system (Bloedel et al., 1981; Ito, 1984). Our previous experi- 
ments revealed that stimulation of DR could modulate the activities of spontaneous dis- 
charging Purkinje cells in the cerebellar cortex. and could depress Purkinje cells 
responsiveness to the mossy or climbing fiber afferent inputs (Wang er al., 1991; Wu et 
al., 1987). Other authors found that iontophoretic application of S-HT to the cerebellar 
cortex could induce excitatory, inhibitory or biphasic responses of Purkinje cells 
(Strahlendorcf et al., 1987). On the other hand, animals with cerebellar S-HT metabolism 
disturbance display ataxia and other neurological deficits (Trouillas, 1993). Therapeutic 
results showed that the treatment with 5-HTP, a precursor of serotonin. was able to in- 
duce a partial regression of cerebellar ataxia in the patient (Plaitakis, 1993). These results 
suggest that serotonergic afferent system plays an important role in regulating motor be- 
havior mediated through the cerebellum. Since previous studies were mainly concentrated 
on the effects of serotonergic fibers on cerebellar cortical Purkinje cells, while only few 
studies were done concerning the effects of these afferent fibers on deep cerebellar nuclei > 
to date, in the present study. the influence of DR stimulation on neuronal activity of in- 
terposed nucleus (EN) was investigated to explore the possible functional role of the 
raphe—cerebellar serotonergic afferent projections on deep cerebellar nuclei, the efferent 
level of cerebellum. 


1 Materials and Methods 


Thirty Wistar cats (250-350 g) were used in this study. Under 30% urethane anaes- 
thesia (3 ml/kg, iv), the surgical operations (including catheterizing femoral vein, plac- 
ing a drain at the cisterna magna, and opening the skull and dura) were performed. 
Then, the exposed brain surface was covered immediately with 3% saline agar to prevent 
surface drying and reduce movement artifacts. During experiment session, a supplemental 
dose of urethane was given as needed. A heating pad was used to maintain animal's 
body temperature at 37 ©. The ECG was monitored on an oscilloscope continuously. 

A concentric bipolar stainless steel electrode (0.1 mm ID, 0.4 mm OD, tip exposure 
0.5 mm) was implanted stereotaxically into the DR (A7.3—8.3, L 0.8-R0.8, H-5,8— —6.6) 
according to the atlas of Paxinos er al. (1986). Two negative rectangular pulses (0.2 ms, 
50-150 HA, 250 Hz) were applied to stimulate DR. Single neuronal discharges were re- 
corded extracellularly from the IN (PIl.3, Ll.4~3.5, H-5.5- -6.5) by using a glass 
microelectrode filled with 0.5 mol/L NaAc containing 2% pontamine sky blue (DC 
impedance 8-10 MQ). Following isolation of an IN cell, the effect of DR stimulation 
was examined. If the IN neuron showed a response to the DR stimulation, 
the 5-HT,, ıc receptor antagonist methysergide (0.1 mg / 100 g. iv) was administered to 
determine whether the stimulation—induced effect was the result of activation of 
serotonergic fibers. The criteria for determining the spikes were reliably recorded from a 
particular single neuron were no visually detectable changes in the amplitude and wave 
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form of the spikes, as well as no significant changes in the basal firing frequency of the 
recorded cell during whole period of the tesi. The IN neurons’ discharges were amplified 
by a preamplifier. displayed on an osilloscope and fed into a window discriminator. The 
TTL pulses triggered by the neuronal discharges and outputted from the discriminator 
were sent to a computer used to analyse the data on-line and to generate post-stimulus 
time histograms (PSTHs) of neuronal discharges. The PSTHs were constructed at Feast 
from 50 trials with | ms bin width. The presence or absence of responses of IN neurons 
and their latencies to the DR stimulation, as well as the effects of methysergide on the 
DR stimulation—induced responses were assessed from the original records displayed on 
the osilloscope and from the computer generated PSTHs. 

In the experiment, the pontamine sky blue was ejected (10 “A, 2 min) to mark the re- 
cording site after finishing a cell’s recording. At the end of each experiment, a lesion at 
the stimulating site was firstly made by passing 10 A DC current for 2 min through the 
stimulating electrode. Then the cerebellum was removed and fronzen sections of 40 um 
thickness were sliced using a freezing microtome, and a histological identification was 
made to ascertain whether the dye sedimentary points were in IN. The brian stem was 
also removed and fixed. Two days later, frozen sections of 100 4m thickness were per- 
formed, and the stimulating site was verified histologically, If the recording and / or stim- 
ulating sites out of the target nuclei, the data were excluded from the analysis. 


2 Results 
21 IN neuron’s spontaneous discharge activity and its response to the DR stimulation 

A total of 240 neurons were recorded from IN in this study. The action potential of 
these IN neurons was similar to the simple spike of cerebellar cortical Purkinje cells, and 
the cells displayed spontaneous discharge frequencies ranging from 5 to 120 Hz. Among 
these cells, 75 (31.3%) cells showed either inhibitory (57 / 75. 76.0%), excitatory (9 7 75, 
12.0%) or biphasic (excitation~inhibition or inhibition-excitation; 9 / 75. 12.0%) re- 
sponses to the DR stimulation. Figure 1 shows four typical responses of IN neurons to 
DR stimulation. Furthermore, we observed that there is a clear relationship between the 
responsive duration of IN cell and the intensity of DR stimulation, i.e. the higher 
stimulation intensity, the longer responsive duration was. 

Figure 2 shows latency distributions of IN neurons following the DR stimulation. It 
can be seen from the figure that responsive latencies of the IN neurons to DR 
stimulation ranged from 10 to 84 ms, while majority of these latencies were less than 30 
ms. Of 75 cells 71 (94.7%) had a latency of less than 30 ms, and the mean latencies of 
inhibitory, excitatory and biphasic responses were 15.32+ 3.80 ms (n= 53, M+ SD), 13.89 
+ 4.20 ms (z=9) and 16.29+ 2.93 ms (7=9) respectively. On the other hand, responsive 
duration of the IN neurons to DR stimulation lasted from 10 to 280 ms. 
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Figure 1 IN neuron’s responses following the DR stimulation 
A and B: inhibitory and excitatory responses; C: Excitatory—inhibitory response: 
D; Inhibitory-excitatory response. Î : Stimulation artifact. 
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Figure 2 The latency distribution histogram of IN neurons to the DR stimulation 


2.2 Relationship between the responsive rate of IN cell to DR stimulation and its sponta- 
neous discharge frequency 

We found that the IN neurons with different spontaneous discharge frequencies had 
difference in their responsive rates to DR stimulation. Figure 3 shows the spontaneous fir- 
ing frequency distribution of 240 recorded IN cells, and Figure 4 shows the relationship 
between responsive rates of the IN cells and discharging frequencies of the cells. It can be 
seen from these two figures that the neurons with higher discharge frequencies showed 
low responsive rates to the DR stimulation in comparison with those lower firing frequen- 


cy ones, and vice versa. 
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Figure 3 The frequency distribution histogram of IN neurons spontaneous discharges 
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Figure 4 The spontaneous discharge frequencies of IN neurons and 


their responsive rates to the DR stimulation 


2.3 Influence of 5—HT antagonist methysergide on responses of the IN neurons to DR 
stimutation 

A total of 14 IN neurons which exhibited an inhibitory response to DR stimulation 
were tested by injection of S-HT.,,- antagonist methysergide. The results showed that 
methysergide could block the inhibitory effect of DR stimulation on 12 (85.7%) IN cells. 
Figure 5 shows the antagonistic effect of methysergide on an IN cell’s inhibitory response 
induced by DR stimulation. It can be seen from the figure that before the methysergide 
administration, the IN cell showed an inhibitory response to DR stimulation (A); 12 min 
after the methysergide injection, the probability of inhibitory response of the cell to DR 
stimulation was decreased (B); 18 and 26 min after the injection, the responses were fur- 
ther suppressed (C and D); the response was totally blocked by methysergide at 31 min 
(E) After that the drug began to lose its effectiveness, and the inhibitory response was 
gradually recovered (F, G and H). In the control experiments, however, the injection of 
equal volume of saline did not show any effect on the inhibitory response of same IN cell 
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to DR stimulation (not shown). In addition, two IN cells that exhibited an excitatory re- 
sponse to the DR stimulation were also examined by injection of methysergide in this 
study, but methysergide did not show any blocking effect on the excitatory responses. 
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Figure 5 Antagonistic effect of methysergide on an IN neuron’s inhibitory response induced by 


the DR stimulation. See text for details 


3 Discussion 


It is known that deep cerebellar nuclei receive inhibitory inputs from cerebellar 
cortical Purkinje cells, and transmit all output of cerebellum to other central motor struc- 
tures. However, deep cerebellar nuclei also receive excitatory afferents from most mossy 
and climbing fibers. as well as afferents from serotonergic fibers. Therefore, they are not 
simply throughout stations, rather the synaptic integration takes place here (Bloede! er ai, 
1981; Ito, 1984), and it is necessary to investigate the action of raphe—cerebellar 
serotonergic afferents on deep cerebellar nuclei. In this study, we first observed the effects 
of raphe-cerebellar afferents on the IN which is considered as regulating ongoing 


movement amoning three deep cerebellar nuclei. We found that DR stimulation could 
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elicit three types of responses on IN neurons, with a preponderance of inhibitory re- 
sponse. Previously, we also observed that major response of cerebellar cortical Purkinje - 
cells to DR stimulation was inhibition (Wang et al., 1991; Wu et al.. 1987). These results 
indicate that raphe—cerebellar projections can modulate cerebellar functional activity at 
two different structural levels, the cerebellar cortex and deep cerebellar nuclei. Moreover, 
we also found in our previous study that DR stimulation could depress the res— 
ponsiveness of Purkinje cells to mossy and climbing fiber afferents (Wang et al., 1991). 
From present results, we are unable to know whether the raphe—cerebellar afferent fibers 
have a similar action on deep cerebellar nuclei yet. It is worth to examine further. 

In present experiment, we found that DR stimulation—induced inhibition of IN 
neurons could be blocked by injecting 5-HT; ,; ıc antagonist methysergide (Fig. 5), while 
methysergide had no such effect on the excitatory response. These results are coincident 
with our previous findings in cerebellar cortex (Wang er al., 1991: Zhang ef al., 1993}, 
and suggest that IN cells and Purkinje cells may have same type of 5-HT receptor. With 
regard to receptor mechanism of 5—HT effects on cerebellar neurons, present views are 
very inconsistent. Several 5-HT receptor subtypes, including 5-HT,, S-HT\,, 5-HTjc 
and 5—-HT,p have been suggested to be involved in mediating postsynaptic responses of 
cerebellar cortical Purkunje cells and cerebellar nuclear cells (Bishop et al., 1993. 
Gardette et al.. 1993; Strahlendorf ef al., 1993). However, by using a method combining 
receptor autoradiography and ISHH (i situ hybridization histochemistry), Palacios er 
al.(1993) reported that only 5-HT,, and 5-HT,, receptor subtypes could be detected 
from cerebellar cortex and nucle: of Wistar rats. These findings show that the receptor 
mechanism in mediating the action of 5-HT on cerebellar cells is quite complex, and the 
mechanism may have difference in different animal species, even in different cerebellar re- 
gions. Our present results are unable to clarify this matter, but suggest that DR 
stimulation—induced inhibitory response was probably related to activation of the 
serotonergic fibers. The fact that methysergide could not block the excitatory response 
suggests that the response probably has a different receptor mechanism from the 
inhibitory one. 

In this study, vast majority of responsive JN neurons showed a short latency of less 
than 30 ms to DR stimulation (Fig. 2), but the responsive duration of IN cells lasted for 
a longer time. These results are similar to our previous studies in the cerebellar cortex 
(Wang et al., 1991; Wu et al., 1987; Zhang er al., 1993). Based on these findings, we sug- 
gest that the effects of serotonergic fibers on the cerebellar cells may involve both 
synaptic and nonsynaptic transmissions. It has been suggested that nonsynaptic chemical 
transmission does not code for rapid phasic information, those function may be regu- 
lating or modulating background neuronal activity (Gardette ef al., 1993). The different 
morphological, chemical and physiological characteristics of serotonergic fibers than ci- 
ther classical mossy and climbing fibers are well fit for this hypothesis. 
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We found that spontaneous firing frequencies of the IN cells ranged from 5 to 120 
Hz (Fig. 3) which showing no difference with other authors’ recent results (Oganesyan et 
al.. 1993). Our further analysis revealed that the neurons within higher firing frequency 
ranges showed low responsive rates to the DR stimulation in comparison with those low- 
er frequency discharging cells (Fig. 4). The reason for this phenomenon is not clear. It 
has been reported that the cytoarchitectures of deep cerebellar nuclei are not homoge- 
neous. The medial and interposed nuclei contain two, and the leteral nucleus probably 
three different neuron populations in cats and rats (McCrea et al, 1978: Palkovits et al., 
1977). We suggest that serotonergic fibers may have different innervation rates on those 
heterogeneous neuron populations, and thus it gives a possible explaination for the re- 
sults. i 

Taken together. we condsider that serotonergic afferent fibers may exert their 
modulatory functions on cerebellar sensorimotor integration process at two levels of the 
cerebellar circuit, the cerebellar cortex and deep cerebellar nuclei. In the cerebellar cortex, 
serotonergic fibers exert mainly an inhibitory action on Purkinje cells and depress 
Purkinje cell’s responsiveness to mossy and climbing fiber inputs (Wang et al.. 1991; Wu 
et al., 1987; Zhang et al, 1993), these, in turn, lead to disinhibit cerebellar nuclear cells, 
and the cerebellar outflow is augmented. In the cerebellar nuclei, a direct inhibitory effect 
of serotonergic fibers on the nuclear cells, in contrast results in a decrease of the 
cerebellar output. All of these changes in cerebellar output will influence the activities of 
cerebellar target neurons in brainstem motor nuclei and cerebral motor areas, and finally 
affect the process of motor behavior. 
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